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METHOD FOR WAVELENGTH 
INDEPENDENT DISPERSION PENALTY 

MEASUREMENT 

CROSS-REFERENCE TO RELATED 

APPLICATION(S) 

The present non-provisional patent application claims the 
bene?t of priority of US. Provisional Patent Application No. 
60/688,934, ?led on Jun. 9, 2005, and entitled “METHOD 
FOR WAVELENGTH INDEPENDENT DISPERSION 
PENALTY MEASUREMENT,” Which is incorporated in-full 
by reference herein. 

FIELD OF THE INVENTION 

The present invention relates generally to the telecommu 
nications and optical networking ?elds. More speci?cally, the 
present invention relates to a method for the Wavelength inde 
pendent measurement or testing of the dispersion penalty, or 
dispersion tolerance, of optical transmitters.Advantageously, 
this method for the Wavelength independent measurement or 
testing of the dispersion penalty, or dispersion tolerance, of 
optical transmitters comprises a single setup, measures or 
tests the components only to a speci?ed amount of dispersion, 
and not beyond, improves yield, and reduces component co st. 

BACKGROUND OF THE INVENTION 

Chromatic dispersion is based on the principal that differ 
ent colored pulses of light, With different Wavelengths, travel 
at different speeds, even Within the same mode, and is the sum 
of material dispersion and Waveguide dispersion. Material 
dispersion is caused by the variation in the refractive index of 
the glass of a ?ber as a function of the optical frequency. 
Waveguide dispersion is caused by the distribution of light 
betWeen the core of a ?ber and the cladding of a ?ber, espe 
cially With regard to a single-mode ?ber. Chromatic disper 
sion concerns are compounded in today’s high-speed trans 
mission optical netWorks. 

Currently, the chromatic dispersion penalty, or chromatic 
dispersion tolerance, of optical transmitters is measured or 
tested using physical lengths of conventional non-dispersion 
shifted ?ber (NDSF) conforming to International Telecom 
munications Union (ITU) standard G.652. In general, NDSF 
has its dispersion null point, at Which Waveguide and material 
chromatic dispersion cancel each other out, near a Wave 
length of 1310 nm. The speci?cation for the amount of dis 
persion that an optical transmitter must tolerate is given as a 
uniform value based on the bit rate of the optical transmitter, 
independent of the optical transmitter’s Wavelength. For 
example, 2.5 Gb/ s optical signals generally can tolerate up to 
16000 ps/nm of dispersion, 10 Gb/ s optical signals generally 
can tolerate up to 1000 ps/nm of dispersion, and 40 Gb/s 
optical signals generally can tolerate up to 60 ps/nm of dis 
persion, HoWever, the amount of dispersion present in NDSF 
per unit length is strongly dependent upon the optical trans 
mitter’s Wavelength, and varies approximately linearly from 
16.2 ps/nm/km at 1530 nm to 17.5 ps/nm/km at 1550 nm to 
18.5 ps/nm/km at 1565 nm. Thus, the Wavelength dependent 
dispersion slope of NDSF is approximately 0.061 ps/nmZ/km. 

The dispersion penalty, or dispersion tolerance, of optical 
transmitters is measured or tested in order to determine 
Whether or not a given optical transmitter meets the required 
speci?cation. As described above, existing measurement or 
testing methods use using physical lengths of conventional 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
NDSF With knoWn dispersion characteristics. Such methods, 
hoWever, do not account for the Wavelength-dependent dis 
persion slope of NDSF. 

For the ease of measurement or testing during manufactur 
ing, it is desirable for a component vendor to use only a single 
setup With a single physical length of NDSF for optical trans 
mitters of all Wavelengths. In order to guarantee a Wavelength 
independent dispersion tolerance, a physical length of ?ber 
that provides the speci?ed amount of dispersion is computed 
at the short end of the applicable Wavelength spectrum. In 
other Words, When using a single physical length of NDSF to 
perform a measurement or test of the dispersion penalty of an 
optical transmitter at any given Wavelength to a Wavelength 
independent amount of total dispersion, the physical length of 
NDSF needed is determined at the short end of the applicable 
Wavelength spectrum. As a result, due to the Wavelength 
dependent dispersion slope of NDSF, the dispersion tolerance 
at all longer Wavelengths is increasingly greater than the 
speci?cation, resulting in the over testing of the components, 
loWer yield, and increased component cost. For example, if 
the Wavelength independent dispersion speci?cation of a 10 
Gb/s optical transmitter is 1600 ps/nm, then approximately 
100 km of NDSF is needed to generate 1600 ps/nm dispersion 
at 1530 nm. At 1565 nm, the dispersion is 1840 ps/nm, or 
114% of the Wavelength independent dispersion speci?ca 
tion. As the dispersion penalty as a function of dispersion is 
effectively quadratic, this difference in total dispersion 
amount results in an over testing of the dispersion penalty by 
132%. 

Thus, What is needed in the art is a method for the Wave 
length independent measurement or testing of the dispersion 
penalty, or dispersion tolerance, of optical transmitters that 
comprises a single setup, measures or tests the components 
only to a speci?ed amount of dispersion, and not beyond, 
improves yield, and reduces component cost. 

BRIEF SUMMARY OF THE INVENTION 

In various exemplary embodiments, the present invention 
provides a method for the Wavelength independent measure 
ment or testing of the dispersion penalty, or dispersion toler 
ance, of optical transmitters that comprises a single setup, 
measures or tests the components only to a speci?ed amount 
of dispersion, and not beyond, improves yield, and reduces 
component cost. This method utiliZes a predetermined physi 
cal length of NDSF combined With a dispersion compensat 
ing module (DCM) that is designed for use With non-Zero 
dispersion shifted ?ber (N ZDSF) conforming to ITU stan 
dard G.655. As the dependence of the dispersion With Wave 
length of NZDSF is different from that of NDSF, by combin 
ing the proper physical length of NDSF and DCM designed 
for NZDSF, the total dispersion of the tWo elements can be 
made constant at a selected value, and as a function of Wave 
length. 

In one exemplary embodiment of the present invention, a 
method for the Wavelength independent measurement or test 
ing of the dispersion penalty, or dispersion tolerance, of opti 
cal transmitters, includes combining a predetermined physi 
cal length of non-dispersion shifted ?ber NDSF With a DCM 
that is designed for use With NZDSF, thereby making the total 
dispersion of the tWo elements constant as a function of 
Wavelength. The method also includes selecting the predeter 
mined physical length of NDSF and the DCM based upon a 
desired total dispersion. The length of the 
predetermined physical length of NDSF is given by: 
L:_DslopeiDcM/Dslope??ber? Where Dslope iDCMiS the disper 
sion slope of the DCM and DSZOPeJber is the dispersion slope 
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per unit length of the predetermined physical length of NDSF. 
The total dispersion of the combined predetermined physical 
length of NDSF and the DCM is given by: D:L*Dojber+ 
DOiDCM, Where L is the length of the predetermined physical 
length of NDSF, Dojber is the dispersion per unit length of 
the predetermined physical length of NDSF at a predeter 
mined Wavelength, and DOiDCMis the dispersion of the DCM 
at the predetermined Wavelength. The method further 
includes combining the predetermined physical length of 
NDSF With the DCM in a single setup. 

In another exemplary embodiment of the present invention, 
a system for the Wavelength independent measurement or 
testing of the dispersion penalty, or dispersion tolerance, of 
optical transmitters includes a predetermined physical length 
of NDSF and a DCM that is designed for use With NZDSF 
optically coupled to the predetermined physical length of 
NDSF, Wherein the total dispersion of the tWo elements is 
constant as a function of Wavelength. The predetermined 
physical length of NDSF and the DCM are selected based 
upon a desired total dispersion. The length of the predeter 
mined physical length of NDSF is given by: L:—DSZ0PLDCM/ 
Dslope??ber, Where DSZOPLDCM is the dispersion slope of the 
DCM and Dslope??ber is the dispersion slope per unit length of 
the predetermined physical length of NDSF. The total disper 
sion of the combined predetermined physical length of NDSF 
and the DCM is given by: D:L*DOjbe,+DOiDCM, Where L is 
the length of the predetermined physical length of NDSF, 
Do??ber is the dispersion per unit length of the predetermined 
physical length of NDSF at a predetermined Wavelength, and 
DOiDCM is the dispersion of the DCM at the predetermined 
Wavelength. The predetermined physical length of NDSF and 
the DCM are combined in a single setup. 

In a further exemplary embodiment of the present inven 
tion, a method for the Wavelength independent measurement 
or testing of the dispersion penalty, or dispersion tolerance, of 
optical transmitters, includes combining a predetermined 
physical length of non-dispersion shifted ?ber NDSF With a 
DCM that is designed for use With one of NZDSF and dis 
persion shifted ?ber (DSF), thereby making the total disper 
sion of the tWo elements constant as a function of Wavelength. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated and described herein 
With reference to the various draWings, in Which like refer 
ence numbers denote like method steps or system compo 
nents, as appropriate, and in Which: 

FIG. 1 is a plot illustrating the resulting dispersion With the 
proposed use of 110 km NDSF+DCM designed to compen 
sate 80 km NZDSF versus the conventional use of 98 km 
NDSF, both targeting 1600 ps/nm dispersion at all Wave 
lengths, and the proposed use of 165 km NDSF+DCM 
designed to compensate 120 km NZDSF versus the conven 
tional use of 148 km NDSF, both targeting 2400 ps/nm dis 
persion at all Wavelengths; 

FIG. 2 is a schematic diagram illustrating the conventional 
system and method for the measurement or testing of the 
dispersion penalty, or dispersion tolerance, of optical trans 
mitters; and 

FIG. 3 is a schematic diagram illustrating the system and 
method for the Wavelength independent measurement or test 
ing of the dispersion penalty, or dispersion tolerance, of opti 
cal transmitters of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

In various exemplary embodiments, the present invention 
provides a method for the Wavelength independent measure 
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4 
ment or testing of the dispersion penalty, or dispersion toler 
ance, of optical transmitters that comprises a single setup, 
measures or tests the components only to a speci?ed amount 
of dispersion, and not beyond, improves yield, and reduces 
component cost. This method utiliZes a predetermined physi 
cal length of NDSF combined With a DCM that is designed 
for use With NZDSF. DCMs that are designed for use With 
NZDSF have large amounts of negative dispersion, to balance 
the positive dispersion of NZDSF in the 1550 nm WindoW. 
Additionally, DCMs that are designed for use With NZDSF 
compensate for dispersion slope differences in the 1550 nm 
WindoW. Speci?cally, DCMs that are designed for use With 
NZDSF provide negative dispersion that has a curve With a 
slope matched to the positive dispersion of the NZDSF. As the 
dependence of the dispersion With Wavelength of NZDSF is 
different from that of NDSF, by combining the proper physi 
cal length of NDSF and DCM designed for use With NZDSF, 
the total dispersion of the tWo elements can be made constant 
at a selected value, and as a function of Wavelength. 

This is illustrated in FIG. 1, Which shoWs the resulting 
dispersion With the proposed use of 110 km NDSF+DCM 
designed to compensate 80 km NZDSF 10 versus the conven 
tional use of 98 km NDSF 12, both targeting 1600 ps/nm 
dispersion 14 at all Wavelengths, and the proposed use of 165 
km NDSF+DCM designed to compensate 120 km NZDSF 20 
versus the conventional use of 148 km NDSF 22, both target 
ing 2400 ps/nm dispersion 24 at all Wavelengths. The DCM 
designed to compensate 80 km NZDSF provides a nominal 
chromatic dispersion of —305 ps/nm at 1545 nm. The DCM 
designed to compensate 120 km NZDSF provides a nominal 
chromatic dispersion of —458 ps/nm at 1545 nm. It should be 
noted that, the proposed use of 110 km NDSF+DCM 
designed to compensate 80 km NZDSF 10 provides a near 
constant 1600 ps/nm dispersion 14, While the conventional 
use of 98 km NDSF 12 provides 1600 ps/nm dispersion 14 
only at the short end 16 of the applicable Wavelength spec 
trum 18 and increases linearly at all longer Wavelengths, 
resulting in over testing. It should also be noted that, the 
proposed use of 165 km NDSF+DCM designed to compen 
sate 120 km NZDSF 20 provides a near constant 2400 ps/nm 
dispersion 24, While the conventional use of 148 km NDSF 22 
provides 2400 ps/nm dispersion 24 only at the short end 26 of 
the applicable Wavelength spectrum 28 and increases linearly 
at all longer Wavelengths, again resulting in over testing. 
As described above, NDSF has its dispersion null point, at 

Which Waveguide and material dispersion cancel each other 
out, near a Wavelength of 1310 nm. The amount of dispersion 
present in NDSF per unit length is strongly dependent upon 
the optical transmitter’s Wavelength, and varies approxi 
mately linearly from 16.2 ps/nm/km at 1530 nm to 17.5 
ps/nm/km at 1550nmto 18.5 ps/nm/km at 1565 nm. Thus, the 
Wavelength dependent dispersion slope of NDSF is approxi 
mately 0.061 ps/nmZ/km. NZDSF, on the other hand, has a 
dispersion of approximately 4 ps/nm/km in the 1530-1570 
nm Wavelength band, thus minimiZing dispersion While 
avoiding the undesirable effects of four-Wave mixing 
betWeen Wavelength division multiplexed (WDM) channels. 

FIG. 2 is a schematic diagram illustrating the conventional 
system and method for the measurement or testing of the 
dispersion penalty, or dispersion tolerance, of optical trans 
mitters. The system 30 includes an optical transmitter (Tx) 32 
undergoing the dispersion penalty test that is optically 
coupled to a predetermined physical length of NDSF 34 and 
a test receiver 36 operable for assessing the total dispersion. 

FIG. 3 is a schematic diagram illustrating the system and 
method for the Wavelength independent measurement or test 
ing of the dispersion penalty, or dispersion tolerance, of opti 
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cal transmitters of the present invention. The system 40 
includes the Tx 32 undergoing the dispersion penalty test that 
is optically coupled to a predetermined physical length of 
NDSF 44, a DCM designed to compensate NZDSF 38, and 
the test receiver 36 operable for assessing the total dispersion. 

In general, a DCM is a passive device that typically 
includes a spool of ?ber that is con?gured to provide a rela 
tively large amount of positive or negative dispersion in order 
to compensate for the dispersion and/or dispersion slope of a 
given length/type of ?ber. DCMs have been designed to com 
pensate for both the dispersion and dispersion slope of trans 
mission ?ber in order to minimiZe the dispersion of all Wave 
length channels in a transmission system. Different types of 
DCMs have been designed to compensate for dispersion in 
NDSF and NZDSF for all Wavelengths in the C-band. The 
dispersion slope of NZDSF is comparable to that of NDSF, 
hoWever, the dispersion magnitude is about one-half. There 
fore, a DCM designed to compensate for dispersion in 
NZDSF has less dispersion magnitude (of the opposite sign), 
but the Wavelength dependence of the dispersion magnitude 
is equivalent to that of a DCM designed to compensate for 
dispersion in NDSF. 

In order to parameteriZe this, the total dispersion of a 
predetermined length of transmission ?ber is given by: 

D?ber :L *lDo??ber'l'Dslope??berow 15 50)] (1) 

Where Dojber is the dispersion per unit length at 1550 nm, 
Dslopejber is the dispersion slope per unit length, and L is the 
?ber length. The total dispersion of a DCM is given by: 

DDCMIDOJCAIFDSIOpEJCA/IO‘r1550) (2) 

Where DOiDCM is the dispersion at 1550 nm and DSZOPLDCM 
is the dispersion slope. It should be noted that DOiDCM and 
DSZOPLDCM are typically negative in sign in order to properly 
compensate ?ber dispersion, such that D?be,:—DDCM. 
By combining the appropriate length of NDSF With a DCM 

designed for NZDSF, a Wavelength independent amount of 
dispersion can be generated. The dispersion of the combina 
tion is given by: 

DILWDOJMJDSIOPEJbErOM-1550)l+D0iDcM+ 
DSlopeicA/M- 1 550) (3) 

For Wavelength independent dispersion, 

(4) 

(5) 

LI-DSIOPEiDCM/DSIOPEJbEr (6) 

and the amount of Wavelength independent dispersion gener 
ated is: 

(7) 

Thus, at Dslopejbe?006l ps/nm2/km, the proposed use of 
110 km NDSF +DCM designed to compensate 80 km 
NZDSF targeting 1600 ps/nm dispersion at all Wavelengths 
described above, and the proposed use of 165 km NDSF+ 
DCM designed to compensate 120 km NZDSF targeting 
2400 ps/nm dispersion at all Wavelengths also described 
above, are identi?ed. It Will be readily apparent to those of 
ordinary skill in the art that other suitable combinations can 
be identi?ed using the method of the present invention and the 
above equations. 
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6 
By replacing a single physical length of NDSF selected to 

provide the necessary dispersion at 1530 nm, for example, 
With an appropriate single physical length of NDSF and DCM 
designed for use With NZDSF, the dispersion penalty of opti 
cal transmitters of all C-band Wavelengths can be measured or 
tested to approximately the same dispersion magnitude, and 
the over testing that occurs With the use of a single physical 
length of NDSF alone can be avoided. 
The method for the Wavelength independent measurement 

or testing of the dispersion penalty, or dispersion tolerance, of 
optical transmitters of the present invention ?nds application 
in the measurement or testing of the dispersion penalty, or 
dispersion tolerance, of all products equipped With dense 
Wavelength division multiplexed (DWDM) optical transmit 
ters, such as 2.5 Gb/s and 10 Gb/s data rate DWDM optical 
transmitters. Yield improvement can reach 30% by not sub 
jecting higher Wavelength optical transmitters, such as 1565 
nm optical transmitters and the like, to over testing, With 
corresponding component cost reduction. 

It should be noted that the method of the present invention 
can also utiliZe a predetermined physical length of NDSF 
conforming to ITU standard G.654 (as opposed to G.652) or 
the like combined With a DCM that is designed for use With 
DSF conforming to ITU standard G.653 or the like. 

Although the present invention has been illustrated and 
described herein With reference to preferred embodiments 
and speci?c examples thereof, it Will be readily apparent to 
those of ordinary skill in the art that other embodiments and 
examples may perform similar functions and/ or achieve like 
results. All such equivalent embodiments and examples are 
Within the spirit and scope of the present invention and are 
intended to be covered by the folloWing claims. 

What is claimed is: 
1. A method for the Wavelength independent measurement 

or testing of the dispersion penalty, or dispersion tolerance, of 
optical transmitters, comprising: 

selecting a predetermined physical length of non-disper 
sion shifted ?ber (NDSF); 

selecting a dispersion compensating module (DCM) that is 
designed for use With non-Zero dispersion shifted ?ber 
(N ZDSF), such that, When combined With the predeter 
mined physical length of NDSF, the total dispersion of 
the tWo elements is constant as a function of Wavelength; 
and 

combining the predetermined physical length of NDSF 
With the DCM that is designed for use With NZDSF, 
thereby making the total dispersion of the tWo elements 
constant as a function of Wavelength. 

2. The method of claim 1, further comprising selecting the 
predetermined physical length of NDSF and the DCM based 
upon a desired total dispersion. 

3. The method of claim 1, Wherein the length of the prede 
termined physical length of NDSF is given by: 

LI-DSIOPEJDCM/DSIOPEJbEr 
Where DSZOPLDCM is the dispersion slope of the DCM and 
Dslopejber is the dispersion slope per unit length of the pre 
determined physical length of NDSF. 

4. The method of claim 1, Wherein the total dispersion of 
the combined predetermined physical length of NDSF and 
the DCM is given by: 

Where L is the length of the predetermined physical length of 
NDSF, Dojber is the dispersion per unit length of the prede 
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termined physical length of NDSF at a predetermined Wave 
length, and DOiDCM is the dispersion of the DCM at the 
predetermined Wavelength. 

5. The method of claim 1, further comprising combining 
the predetermined physical length of NDSF With the DCM in 
a single setup. 

6. The method of claim 2, Wherein the desired total disper 
sion is equivalent to the dispersion tolerance of a 10 Gb/s 
optical signal. 

7. The method of claim 2, Wherein the desired total disper 
sion is 1600 ps/nm. 

8. The method of claim 2, Wherein the desired total disper 
sion is 2400 ps/nm. 

9. The method of claim 5, further comprising measuring 
the dispersion penalty, or dispersion tolerance, of a plurality 
of optical transmitters using the single setup. 

10. The method of claim 9, Wherein the plurality of optical 
transmitters comprise a plurality of dense Wavelength divi 
sion multiplexed (DWDM) optical transmitters operating at 
Wavelengths betWeen 1530 nm and 1565 nm. 

11 . A system for the Wavelength independent measurement 
or testing of the dispersion penalty, or dispersion tolerance, of 
optical transmitters, comprising: 

a predetermined physical length of non-dispersion shifted 
?ber (NDSF); and 

a dispersion compensating module (DCM) that is designed 
for use With non-Zero dispersion shifted ?ber (N ZDSF) 
optically coupled to the predetermined physical length 
of NDSF, 

Wherein the predetermined physical length of NDSF and 
the DCM that is designed for use With NZDSF are 
selected such that the total dispersion of the tWo ele 
ments is constant as a function of Wavelength. 

12. The system of claim 11, Wherein the predetermined 
physical length of NDSF and the DCM are selected based 
upon a desired total dispersion. 

13. The system of claim 11, Wherein the length of the 
predetermined physical length of NDSF is given by: 

Where DSZOPLDCM is the dispersion slope of the DCM and 
Dslopejber is the dispersion slope per unit length of the pre 
determined physical length of NDSF. 
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14. The system of claim 11, Wherein the total dispersion of 

the combined predetermined physical length of NDSF and 
the DCM is given by: 

Where L is the length of the predetermined physical length of 
NDSF, Dojber is the dispersion per unit length of the prede 
termined physical length of NDSF at a predetermined Wave 
length, and DOiDCM is the dispersion of the DCM at the 
predetermined Wavelength. 

15. The system of claim 11, Wherein the predetermined 
physical length of NDSF and the DCM are combined in a 
single setup. 

16. The system of claim 12, Wherein the desired total 
dispersion is equivalent to the dispersion tolerance of a 10 
Gb/s optical signal. 

17. The system of claim 12, Wherein the desired total 
dispersion is 1600 ps/nm. 

18. The system of claim 12, Wherein the desired total 
dispersion is 2400 ps/nm. 

19. The system of claim 15, Wherein the single setup is 
operable for measuring the dispersion penalty, or dispersion 
tolerance, of a plurality of optical transmitters. 

20. The system of claim 19, Wherein the plurality of optical 
transmitters comprise a plurality of dense Wavelength divi 
sion multiplexed (DWDM) optical transmitters operating at 
Wavelengths betWeen 1530 nm and 1565 nm. 

21. A method for the Wavelength independent measure 
ment or testing of the dispersion penalty, or dispersion toler 
ance, of optical transmitters, comprising: 

selecting a predetermined physical length of non-disper 
sion shifted ?ber (NDSF); 

selecting a dispersion compensating module (DCM) that is 
designed for use With one of non-Zero dispersion shifted 
?ber (NZDSF) and dispersion shifted ?ber (DSF), such 
that, When combined With the predetermined physical 
length of NDSF, the total dispersion of the tWo elements 
is constant as a function of Wavelength and 

combining the predetermined physical length of NDSF 
With the DCM that is designed for use With one of 
NZDSF and DSF, thereby making the total dispersion of 
the tWo elements constant as a function of Wavelength. 

* * * * * 


